We studied the responsiveness of the Sichuan snub-nosed monkey Rhinopithecus roxellana, an arboreal Old World monkey, to the presence of novel stimuli associated with familiar food. We also determined differences in responses by age and sex. Results showed that monkeys exhibited neophilia and neophobia simultaneously when facing novel stimuli. Age affected the response to novel stimuli significantly, with immature individuals responding to novel stimuli most frequently and infants least frequently. No significant differences were observed for sex, although females were more responsive to the novel object than were males. Our results support the "readiness to eat" hypothesis that the presence of a novel object can increase latencies to consume familiar food [Current Zoology 59 (3): 311−316, 2013].
The evolution of large brains is related to brain cognition and information processes, and might be an adaptation to cope with novel or altered conditions (Sol et al., 2005) . When facing novelty, animals may display neophilic and/or neophobic behaviors (Sabbatini et al., 2007) . Neophobia is the avoidance of or apprehension toward unknown stimuli, and relates to potential dangers in the environment. Conversely, neophilia is attraction towards unknown stimuli, and relates to the potential benefits of exploring new resources (Greenberg and Mettke-Hoffman, 2001 ). Neophobia and neophilia can initiate animal adaptations to ecological variations such as seasonal food scarcity (Siemers, 2000) , rapid anthropogenic changes and migration into new habitats (Fox and Millam, 2004; Jones, 1986; Matheson et al., 2005; Menzel et al., 1961; Yamamoto and Lopes, 2004) . It is also possible for both behaviors to exist simultaneously in response to a novel stimulus (Sabbatini et al., 2007) .
Previous studies on neophobia in birds measured increased latency to feed in the presence of novel objects placed beside familiar preferred food Greenberg, 2003; Sol et al., 2011) . However, limited research on primate species (Sabbatini et al., 2007; Visalberghi et al., 2003) has found that the presence of a novel object did not affect latencies for contact and ingestion of food, regardless of whether it was familiar or novel. These finding are inconsistent with the classic "readiness to eat" hypothesis (Blanchard et al., 1970; Bolles and Rapp, 1965) , which states that the presence of a novel object increases the latencies to explore and eat familiar food. These contradictions suggest that the expression of this hypothesis in non-human primates is a characteristic of larger brain evolution in relation to cognition and information processes. Further investigations are required to clarify the above behavior among non-human primates. In addition, animals may encounter novel stimuli more frequently in wild conditions than in captive or semi-captive environments (Boesch, 2007) . For example, wild animals tend to migrate and regularly face seasonal change. They may meet novel plants, fruits, animals, and environments during these periods. Therefore, investigations on wild populations are necessary to resolve how natural selection shapes species-typical responses to novelty (Bergman and Kitchen, 2009) .
To date, neophobic differences within a species have mainly been studied in relation to age and sex. However, age appears to be strongly related to conflicting hypotheses. The "spare time hypothesis" states that youngsters have more time than adults for carefree play and exploration (Kummer and Goodall, 1985) , supported by studies showing that exploration is positively correlated with age (e.g. Macaca fuscata : Huffman, 1996 ; Pan troglodytes: Boesch and Boesch, 1981; McGrew, 1979) . Human children also show higher food neophobia compared to infants due to increased exploration of their environment (Addessi et al., 2005) . Therefore, the "spare time hypothesis" could be predictive of higher food neophobia in younger individuals. Conversely, it has been hypothesized that older individuals are more experienced and better at manipulating their physical habit (e.g. Callitrichid monkeys: Kendal et al., 2005; Reader and Laland, 2001 for primates review), while younger individuals have less environmental information and comparatively less foraging success (e.g. capuchin monkeys: Visalberghi and Addessi, 2003) . Because younger individuals may need to leave their home and discover new environments and integrate into new social groups, they should show low food neophobia compared with older individuals. For example, Yamamoto and Lopes (2004) found juvenile common marmosets Callithrix jacchus showed more food exploration than did adults.
As with age, research has indicated that sex also has an effect on interactions with novel objects. For instance, Visalberghi and Addessi (2003) found that male capuchins more persistently interacted with novel foods compared to females. Conversely, Yamamoto and Lopes (2004) found that female common marmosets learned unfamiliar tasks faster and more efficiently than males. Some studies, however, have indicated that responses to novelty are unrelated to sex (Bergman and Kitchen, 2009; Sabbatini et al., 2007) . Due to the confounding effects of age and sex, further investigations among species are critical to evaluate their influence on responses toward novel stimuli.
Most primate studies on neophobia and neophilia have been conducted on anthropoid species (Pan troglodytes: Takasaki, 1983; Visalberghi et al., 2002; Pongo pygmaeus: Gustafsson et al., 2011) and New World monkeys (Cebus apella: Visalberghi and Fragaszy, 1995; Visalberghi et al., 1998; Visalberghi and Addessi, 2001 ; Callithrix jacchus : Box, 1988; Day et al., 2003; Voelkl et al., 2006; Callimico goeldii: Addessi et al., 2007; Saguinus fuscicollis: Menzel and Menzel, 1979) . As an Old World colobine species, studies on the Sichuan snub-nosed monkey Rhinopithecus roxellana are important to understand the evolution of neophobia in a larger context. Accordingly, we observed responses toward novel stimulus in free-ranging R. roxellana, and aimed to investigate the potential effect of age and sex.
Materials and Methods

Study site and study species
This study was conducted in the Zhouzhi National Nature Reserve, which was established in 1985 to protect 52,931 km 2 of temperate forest on the northern slopes of the Qinling Mountains in China (Li and Zhao, 2007) . Two troops of Sichuan snub-nosed monkeys live in the reserve, including the West Ridge Troop (WRT) consisting of several one-male units and an all-male band used in this study. One provisioning site was established at Sanchakou (1646 m above sea level) in Gongnigou valley (33°48′68″N, 108°16′18″E). Field assistants searched for the focal population and attracted the monkeys to the provisioning site at 9:00 a.m. every day when research was being conducted. Approximately 200 g of food (corn, apples, and radishes) dispersed on the ground were provided per monkey per day three times daily (10:00 a.m., 12:00 p.m., and 14:00 p.m.). Provisioned food was typically consumed within 15 minutes, after which the group left the provisioning site to resume their normal activities in neighboring areas. Compared with the total daily diet of R. roxellana, the energy intake of provisioned food was small and thus its influence on natural behavior was minimal. On the whole, the focal group was well-habituated to the presence of observers, having being observational subjects in other naturalistic studies (Li and Zhao, 2007) . We identified all focal individuals via physical characteristics and maintained a distance of 5−50 m from the focal animals during observations. To assess whether responses to novel objects were affected by age and sex, we divided the focal individuals into five classes: infants (0−1 years), immature females (including juveniles and sub-adults, 1−4 years), immature males (including juveniles and sub-adults, 1−7 years), adult females (>4 years), and adult males (>7 years) (Zhang et al., 2006) .
Data collection
The experiment was conducted over eight consecutive days (from 5 to 12 December 2010). Three trials were performed each day and each trial was carried out during food provisioning. Before each provisioning occasion, a corn and honey mixture was smeared inside five opaque polyvinyl-chloride tubes (3 cm × 10 cm) (Fig. 1) after which the tubes were tied to a tree near the feeding site. Corn was smeared near the edge of the tube and could be viewed when the tube was put in the land. Corn was familiar to our focal group, having been used in food provisioning since 2001. We randomly selected 24 individuals from five onemale units within the focal population (including 5 adult males, 5 adult females, 5 immature females, 5 immature males, and 4 infants). Because one-male units were easily identified by their close and continuous spatial association during daily activities, we put one tube for one-male unit in each trail. All trials started as soon as one focal individual detected the tube and approached it, and ended 30 minutes later. In each trial, we recorded age, sex, and behavioral category of the focal animals.
Behavioral responses to the tubes were divided into four categories: (a) proximity watch (bending over to look at the tube, without contact); (b) simple-touch (touching or/and moving the tube on the ground); (c) unimanual-grab (grasping at the tube by one foot or one hand, without eating corn); (d) bimanual-manipulation (holding the tube with hands and eating the corn). During observations, only a subject's final behavior in every test was recorded because the above mentioned behaviors were inherently correlated and a subject could perform more than one of the four behaviors during the observation time.
Data analysis
We compared frequencies of proximity watch, simple-touch, unimanual-grab, and bimanual-manipulation via the Mann-Whitney U-test. The relationship between days from experiment onset and mean frequency of each behavioral category among all individuals was calculated by the Spearman correlation. Friedman correlation was used to analyze differences among the three age groups and the Mann-Whitney U-test to examine differences between two age groups and two sex groups. The above analyses were conducted using SPSS 16.0 and were two-tailed with a level of significance of P≤0.05.
Results
All focal individuals from the focal units displayed at least one behavioral category over the experimental days. Monkeys ate the corn on the ground before the corn in the tube over the observation period. On the first day of the experiment, only simple-touch behavior was observed and its mean frequency was 1.94 times per focal individual. Mean frequencies (±SE) per experimental day were 2.9 ± 0.88 for proximity watch behavior, 8.6 ± 2.57 for simple-touch behavior, 19.7 ± 5.60 for unimanual-grab behavior, and 47.9 ± 12.84 for bimanual-manipulation behavior. Obviously, more complex behaviors showed higher frequencies of occurrence. The frequencies of bimanual-manipulation behavior differed significantly from proximity watch behavior (U = 6.5, n bimanual-manipulation = 8, n proximity watch = 8, P < 0.05) and from the simple-touch behavior (U = 12.0, n bimanual-manipulation = 8, n simple-touch = 8, P < 0.05). Other behavior frequencies showed no significant differences.
The frequency of each behavior varied across experiment days (Fig. 2) . Proximity watch behavior (Spearman r s = 0.024, P > 0.05) and simple-touch behavior (Spearman r s = 0.357, P > 0.05) exhibited no significant correlations with days from the onset of the Fig. 2 Mean behavioral frequency toward the novel object experiment, but unimanual-grab behavior (Spearman r s = 0.976, P < 0.05) and bimanual-manipulation behavior (Spearman r s = 0.952, P < 0.05) were significantly correlated with days from onset of the experiment.
Age effect on the sum of behavioral frequencies was significant (Friedman: χ 2 = 11.677, P < 0.05). Both immature individuals (U = 5.0, n immature = 10, n infant = 4, P < 0.05) and adults (U = 1.0, n adult = 10, n infant = 4, P < 0.05) responded to the tube more frequently than did infants. There were no statistical differences between immature individuals and adults (U = 20.0, n adult = 10, n immature = 10, p > 0.05), although immature individuals responded to the tube more frequently than did adults ( Table 1 ). The mean frequency for females was higher than males, although no significant differences were observed between the sexes (U = 26.5, n male = 12, n female = 12, P > 0.05) ( Table 1) . Except for simple touching exhibited on the first day, all behaviors were first observed on the second day of the experiment. In addition, all food was consumed by the end of each trial. Eating is defined as the highest exploration and interest with the stimuli (Visalberghi and Addessi, 2003) . Foods smeared on the tube were only eaten after the familiar foods scattered on the ground were consumed during the period of experiment. Therefore, the Sichuan snub-nosed monkeys preliminarily exhibited neophilia and neophobia simultaneously when facing novelty. This supported the ''readiness to eat'' hypothesis (Blanchard et al., 1970; Bolles and Rapp, 1965) , according to the phenomenon that feeding on foods in the tube occurred after the consumption of the same food on the ground. In addition, while proximity watch and simple-touch behaviors showed no significant correlations with days from onset of the experiment, the exhibition of the other behaviors showed a gradual increase. These results suggest latency before the balance between neophobia and neophilia tipped in favor of neophilia, which agrees with studies showing wild primates gradually incorporate new foods into their diet (e.g. Macaca fuscata: Watanabe, 1989) .
Analysis in relation to age and sex found that age affected responsiveness to novelty. Immature individuals responded to the novel tube more frequently than did adults, in accordance with the "spare time hypothesis" (Kummer and Goodall, 1985) . Our results did not support the view that greater experience and handling ability of older individuals provided them with higher exploration ability towards novel stimuli (Kendal et al., 2005; Reader and Laland, 2001 ). Infants exhibited significantly fewer responses toward the tube among the three age classes, which was similar to the findings of Fragaszy et al. (1997) and in partial agreement with Ueno and Matsuzawa (2004) . For free-ranging Sichuan snub-nosed monkeys, it was not possible to determine whether infants ingested the food based on cues from their mothers or whether they lacked the opportunities for exploration because they were almost always carried by their mother .
The results from the present study showed a strong connection between novel objects and familiar food. Corn was familiar to the focal unit because it has been used in the food provisioning of this group since 2001. When the study subjects wanted to eat the corn, they had to physically handle the tubes and it seems that, to some extent, the effect of food on exploring novel objects was increased. The strong interest in familiar foods made the novel object more easily accepted compared to what has been observed for other primates (Sabbatini et al., 2007; Visalberghi et al., 2003) . Furthermore, studies showing that R. roxellana populations change diets as an adaptation to climatological events (Li et al., 2003) , move home ranges (Li et al., 1999) , and shift major food items seasonally (Guo et al., 2007) provide strong evidence that snub-nosed monkeys are capable of exploration in relation to unfamiliar objects and new resources (Greenberg and Mettke-Hoffman, 2001 ).
In conclusion, Sichuan snub-nosed monkeys exhibited neophilia and neophobia simultaneously when faced with novel stimuli, and age affected the response to the novel stimuli significantly. However, certain questions remain concerning the potential social factors influencing neophobia in R. roxellana. Firstly, social rank may influence individual neophobia. For example, it has been found that subordinates approach novel objects faster and more readily feed on novel food compared to dominant individuals in some species (e.g. Branta leucopsis: Stahl et al., 2001 ; Cebus apella: di Bitetti and Janson, 2001; Corvus monedula: Katzir, 1982 ; Poecile atricapillus: An et al., 2011) . Secondly, the existence and performance of group members may affect individual neophobia. An individual will more readily eat novel food when other group members are seen eating than when they are alone (e.g. Callimico goeldii: Addessi et al., 2007; Cebus apella: Addessi and Visalberghi, 2006) . Therefore, the potential impact of these social factors on neophobia in Sichuan snub-nosed monkeys with a multi-level society requires further investigation.
